Background. The impact of metformin on body weight is variable in T2DM patients among studies. The reasons for the discrepancies are still unknown.
Lines of evidence have shown that metformin not only consistently lowers blood glucose, but also reduces the risk of cardiovascular diseases, micro-vascular diseases and cancer. [1] [2] [3] Compared to sulfonylureas, metformin seldom causes weight gain and hypoglycemic attacks. 4 As a result, metformin is recommended as the first-line glucose-lowering medication by almost all international guidelines. 5 In China, recent evidence shows that the glycemic response to metformin monotherapy is similar among normal weight, overweight and obese patients. 6 Consistently, the guidelines of the Chinese Diabetes Society (CDS) in 2010 also recommended metformin as the first-line drug in patients with newly-diagnosed type 2 diabetes regardless of BMI. 7 However, a national survey conducted in China showed that only 52% of prescriptions were in line with the guidelines. 7 One of the important reasons is that some prescribing doctors worry about the well-known "side-effect" of metformin (weight reduction), since Asians have lower BMI than Caucasians and the cut-off of BMI for defining obesity is different among regions. Patients with "normal weight" in Asia may be defined as lean patients in Europe and America, who were seldom investigated in connection withthe effects of metformin. Weight loss, the beneficial "side-effect" of metformin on patients excessive weight loss with "normal weight" in Europe and America, may cause in Asian patients with "normal weight". Therefore, it is necessary to investigate the effects of metformin on weight in Chinese patients with type 2 diabetes with normal weight and overweight.
Our study aimed to analyze the effect of metformin on body weight change and to investigate the risk factors associated with the magnitude of metformin-induced weight loss in newly-diagnosed Chinese type 2 diabetes.
Material and methods

Design and participants
We analyzed the data from a prospective, multi-center, phase IV, open-label study carried out in 371 Chinese patients aged 23-77 years who were newly diagnosed with type 2 diabetes. This study was registered at ClinicalTrials.gov, NCT 00778622 and conducted at 20 sites in China between November 19, 2009 and March 15, 2011 . The protocol was approved by the Ethics Committee from each clinical site. Metformin (metformin XR [Glucophage ® XR], Bristol Myers Squibb) was administered at an initial dose of 500 mg/day taken orally with the evening meal. After 1 week, dosage was titrated upwards in increments of 500 mg weekly until the maximum daily dose of 2,000 mg/day was reached, unless intolerance or hypoglycemia was experienced. From week 4, the maximum daily dose was 2,000 mg/day if FPG was > 7.0 mmol/L (126 mg/dL).
Statistical analyses
The data was analyzed using SPSS 16.0 (IBM, Inc, New York, USA). Continuous variables were expressed as mean ± SD. Since TG did not follow a normal distribution, the values were log transformed and displayed as averages and upper and lower quartiles. The changes of weight loss with time were analyzed using the mixed effect model. The differences of continuous parameters between the 2 groups were evaluated by t-test. The differences of proportions between the 2 groups were analyzed by χ 2 test. The differences of continuous parameters that had normal distribution among the groups were analyzed by ANOVA test. Pearson's correlation analysis was carried out to analyze the relationship between 2 variables that meets normal distribution, while Spearman correlation analysis was used for those variables that didn't meet normal distribution. A stepwise linear regression analysis was performed to determine the independent factors associated with weight loss.
Results
Effect of 16-week metformin monotherapy on weight of patients with newlydiagnosed type 2 diabetes
The mean weight of the subjects at baseline was 72.4 ± 13.1 kg, 71.2 ± 12.6 kg at week 4, 70.5 ± 13.3 kg at week 8, 70.2 ± 12.7 kg at week 12 and 70.0 ± 12.7 kg at week 16, respectively. The mixed effect model test showed that weight decreased with time ( Fig. 1A , p < 0.001).
According to recommendations by the Working Group on Obesity in China, 18.5 kg/m 2 ≤ BMI ≤ 23.9 kg/m 2 is defined as normal weight, and > 24 kg/m 2 and > 28 kg/m 2 are defined as overweight and obese, respectively. 8 We found that after metformin treatment, the proportion of obese patients decreased (p = 0.005). The proportion of overweight patients with also decreased, whereas the proportion of patients with normal weight increased, although not significantly (Fig. 1B) . Only three subjects fill into the "lean" group after treatment, since they had had a relatively low BMI at baseline (18.6 
Characteristics of patients with different response of weight change to metformin treatment
To explore the baseline characteristics of patients with different response of weight change to metformin treatment, we divided them into 4 groups by the quartile method based on the magnitude of weight loss at week 16: group 1 (n = 84), in which the subjects had a weight loss ≤ 0.5 kg, group 2 (n = 91), in which subjects had 0.5 kg < weight loss ≤ 2.0 kg, group 3 (n = 79) in which subjects had a 2.0kg < weight loss ≤ 4.0 kg, and group 4 (n = 70) in which subjects had a weight loss > 4 kg (Table 1) . There was no difference in age, systolic pressure, diastolic pressure, prevalence of hypertension, TCHOL, HDL-C, TG, LDL-C, fasting glucose and HBA1c. Compared to the subjects with the lowest quartile, the patients with the highest quartile magnitude of weight loss had the heaviest weight (p = 0.0001), highest BMI (p = 0.0002), largest waistline (p = 0.016) and lowest level of serum albumin (p = 0.013) at baseline.
We also compared the changes of metabolic parameters, drug dosages and gastrointestinal intolerances among the 4 groups. There were no differences among the groups regarding the improvement of glucose control, as neither the change of HbA1c (plasma glucose concentration) nor FBG (fasting blood glucose) showed differences among the four groups. There were also no differences among the groups of drug administered dosages (p = 0.4603) and gastrointestinal intolerances (p = 0.0645).
The correlations of the clinical parameters to the magnitude of weight loss are shown in Table 2 and Fig. 2 . Weight loss was correlated with weight (r = 0.257, p = 0.000), BMI (r = 0.135, p = 0.020) and waistline (r = 0.156, p = 0.007) at baseline, whereas inversely associated with the serum albumin (r = -0.207, p = 0.000) at baseline.
Predictors for weight loss induced by metformin treatment
We then performed a stepwise linear regression analysis to identify predictors for magnitude of weight loss after 16-week metformin treatment using independent variables including age, HbA1c, fasting glucose, lipid measurements, systolic pressure, diastolic pressure, serum albumin at baseline, the incident rate of gastrointestinal AE (adverse events) and the cumulative dosages of metformin. The analysis revealed that only baseline BMI was an independent factor contributing to magnitude of weight loss (Table 3) .
Discussion
In this post-hoc analysis, we focused on the clinical characteristics associated with weight loss during metformin treatment. Our results showed that 16-week metformin treatment could induce a mean 2.4 kg weight loss. The magnitude of weight loss is positively associated with the baseline weight. Interestingly, it is inversely associated with the serum albumin level at baseline and the incident rate of gastrointestinal AE. To our knowledge, few studies have investigated the predictors of weight loss induced by metformin. Moreover, this is the first report that serum albumin level is inversely and independently associated with the magnitude of weight loss induced by metformin.
Although a few studies have shown that there is no difference of weight change between metformin and placebo treatment in type 2 diabetes, in agreement with our study, the majority of studies have shown a moderate weight loss after metformin treatment. [9] [10] [11] [12] [13] [14] [15] [16] [17] The discrepancy may be ascribed to different ethnicities and characteristics of subjects enrolled in the different studies. The magnitude of weight loss varies slightly among the studies. Our study showed that 16-week metformin monotherapy caused a weight loss of 2.4 kg in Chinese patients with newly-diagnosed type 2 diabetes. Similarity, the Diabetes Prevention Program (DPP) study showed that, within the first 3 years, metformin treatment induced weight loss of approximately 2.9 kg. This weight loss effect persisted up to 8 years. 17 Another study performed in Chinese patients showed that metformin lead to approximately 1.88 kg and 1.89 kg of weight loss after 24-week and 48-week treatment, respectively. 18 Although metformin could induce a moderate weight loss, as our and most other studies have demonstrated, the International Diabetes Federation, American Diabetes Association and European Association for the Study of Diabetes recommend metformin as the first-line treatment in all newly-diagnosed patients, regardless of weight. [12] [13] [14] [15] [16] [17] 19 However, few studies have assessed metformin in Asian countries, including China. Because of the differences of ethnicity and lifestyle, Asian populations have lower BMIs and lower rates of obesity compared to populations in Western countries. 20 The cut-off point of "normal weight" from overweight for Asians (BMI ≤ 23.9 kg/m 2 ) is lower than that for Caucasians (BMI ≤ 24.9 kg/m 2 ). 21, 22 Only half of the patients with newly-diagnosed type 2 diabetes have followed the guidelines in China. 7 The low compliances of both prescribing doctors and patients may be mainly ascribed to a lack of strong evidence on the effects of metformin on weight in Chinese patients with normal weight. The present analysis has addressed this issue. Our results showed that patients who were heavier at baseline achieved more weight loss after 16-week metformin treatment. Moreover, there is a linear correlation between weight at baseline and weight loss after 16-week metformin treatment. After 16-week metformin treatment, the proportion of obese subjects decreased, whereas the proportion of subjects with normal weight increased slightly. The most modest weight loss or unchanged weight (weight loss ≤ 0.5 kg) happened among the patients with lowest weight and BMI at baseline. Therefore, as almost all international guidelines recommend, Asian patients with relatively lower BMIs may be treated with metformin without worrying about excessive weight loss.
The most common adverse events of metformin are mild to moderate gastrointestinal symptoms, which are well documented. 4 However, the effects of gastrointestinal AE on weight are still unknown. Uncomfortable gastrointestinal symptoms, including vomiting, nausea and diarrhea, may reduce food intake for a certain period until the symptoms become tolerable, in which case, a higher rate of gastrointestinal AE may cause more weight loss. On the other hand, these gastrointestinal symptoms may also lead to lower compliance and affect the absorption efficiency of metformin in the epithelium of the intestine for a long time, which would lead to less weight loss. Therefore, the effects of gastrointestinal AE on weight depend on combinational actions. Our analysis shows that the weight loss induced by metformin is not associated with its gastrointestinal AE.
Consistent with another study, we did not find a correlation between glucose control and weight reduction. 18 In addition, weight loss did not correlate with the accumulated administration dosages of metformin. Therefore, it is possible that metformin can be developed as an anti-obesity agent independent of its hypoglycemic effect. Further studies are required to demonstrate the possible efficiency and safety of metformin as a credible weight loss drug in obesity, independent of treating diabetes.
Although weight loss is often reported in patients with type 2 diabetes treated with metformin, the mechanisms of metformin-induced weight loss are still unclear. A recent work has suggested that metformin reduces weight through affecting appetite signals in the brain, fat oxidation and fat storage in the liver. 23 Understanding the metformin-induced weight loss mechanisms may lead to developing optimal treatment strategies for preventing type 2 diabetes and obesity.
The limitation of our study is that there was no placebo-controlled group, for ethical reasons. Therefore, we could not exclude the effect of lifestyle change on weight, since all participants were advised to be on a diet and exercise regularly. However, the AHEAD study has proved that lifestyle modification only is difficult to prevent the weight of obesity from rebounding. 24 Another limitation is that we follow the patients with newly-diagnosed type 2 diabetes for only 16 weeks. Long term investigation of the predictive factors of weight loss should be acquired.
